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ABSTRACT

A STATISTICAL ANALYSIS OF SMOKE TRAIL VELOCITY PROFILES AND BALLOON VELOCITY

PROFILES HAS DEEN CARRIED OUYT T0 EVALUATE AND REMOVE THEIR INMERENT NOISE

CONTENT, THE DAY-TO-DAY VARIABILITY 1IN THE PROBABILITY OF EXCEEDING CRITICAL

SMEAR VAS EVALUATED. THE CORONA ANENONETER DATA WAS COMNPARED WITH THE WUCH

LARGER DATA-BASE OF SNOKE TRAIL DATA. ALTHOUGN THE

COROMA ANEMONETER SHOMED A

HIGNER PROBADILITY OF TURBULENCE, IT UAS UITHIN THE VARIABILITY EXPECTED FROM

THE SHOKE TRAIL ANALYSIS. IT IS GNOUN THAT THE DIFFUSION INTEGRAL WHICH LEADS

TO THE DIFFUSION COEFFICIENT I8 VERY SENSITITIVE 10 THE VARIABILITY 1IN

TURDULENT OCCURENCE PROBABILITVIES.
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INTRODUCTION

THE OCCURENCE OF TURBULENCE 1IN THE PREDOMINANTLY-LAMINAR STRATOSPHERE 1S
“INPORTANT IN DEFINING MODELS FOR DISPERSAL OF STRATOSPNERIC POLLUTANTS AND FOR
SCATTERING OF EM UAVES SUCH AS LASER BEANS. STATISTICAL ESTIMATES OF FREQUENCY
Of OCCURRENCE OF VERTICAL SHEARS IN THE HORIZONTAL UIND BUFFICIENMTLY MIGH TG
CAUSE TURDULEMCE MWAVE BEEN WADE FROM GROUND-DASED ODSERVATION OF SMOKE TRAILS
RELEASED FROM ROCKETS AND FROM DALLOON-BORNE SENSORS SUCH AS THE CORONA
ANENORETER DEVELOPED AND FLOUN BY AFGL SCIENTISTS. THE PRESENT STUDY COMPARES
RESULTS FROM TME TUO TYPES OF MEASUREMENTS UITH PARTICULAR ATTENTION TO THE
APPROPRIATE STATISTICAL TREATRENT OF THE ORISINAL BATA AND AN ESTINATE OF THE
VARIADILITY OF RESULTING INPUTS TO ATNOSPHERIC WNODELS.

BACKGROUND

EARLIER REPORTS BY AFOL SCIENTISTS (REF 1) DESCRIDED PROCESSING OF 200 SMOKE
TRAILS NADE BY MASA SCIENTISTS. THE CORONAN (CORONA ANENORETER) PROFILES
ODTAINED 1IN AFSL EXPERINENTS UERE DESCRIDED IN A FINAL REPORT (REF 2) UNDER OUR
PREVIOUS CONTRACT. TME PRESENT STUDY REVIEUS THE DATA TREATNENT NADE IX THE
EARLIER REPORTS AND REPORTS SIONIFICANTLY-DIFFERENT CONCLUSIONS GBTAINED DY

FURTHER STATISTICAL CONSIDERATIONS.




DATA SOURCES

THE DATA SOURCES ARE DESCRIBED IN REF 1t AND REF 2. THE 200 MASA SMOKE TRAILS
MERE TAKEN RANDONLY WITH RESPECT TO TINE AND BEASON. ALL UERE TAKEN DURING
DAYLIONT HOURS AMD ONLY UNDER CLOUD-FREE COMDITIONS. THE AFGL BALLOON FLIGHT
ANALYSED UAS TAKEN IN APRIL 1977 FROM 0500 TG 1400 LOCAL TIME. THEREFORE NO
INFEREMCE CAN DE NADE AS TO STATISTICS WHICH RELATE TO DISTURBED UEATHER OR

DIURNAL EFFECTS.

THE NASA SNOKE PROFILES WERE AVAILABLE AS DISITAL TAPES, REPORTED A5 NORTH AND
EAST VELOCITY COMPONENTS TO 0.1 N/S AT VERTICAL SPACING OF 25 METERS. MO

ACCURACY ESTINATES WERE AVAILABLE ON THE NEASURCHENTS ,

THE AFGL CORONAM PROFILES MERE AVAILABLE ON DIGITAL TAPES UHICH REPORT AT
10-SECOND INTERVALS. REPORTING PRECISION 1S NOT AN ACCURACY ESTIMATE.

1. GAT TIRE TO 1t SECOND
2. RADAR BALLOON POSITION TO 1 NETER IN NORTH, EASY, AND ALTITUBE.

3. CORONAM VELOCITY (RELATIVE TO BALLOON) 70 0.1 M/S AND DIRECTION TO 0.1 DEGREE.

4. TENPERATURE mND PRESSURE.
THE SHOKE TRAILS WERE REPORTED BETUEEN 3 AND 20 KN AND THE CORONAM FLIGHT

CONTAINEB S UP OR DOUN “LEGS” BETUEEN 17 AND 25 KN ALTITUDE.

THE NASA SNOKE PROFILES WERE DIRECTLY AVAILADLE AS EAST AND NORTH VELOCITY
COMPONENTS. 1IN THE PRESENT STURY, 73 SNOKE TRAILS WERE USED UITH THE ANALYSIS
BEING NMADE ON SEPARATE SEGMENTS BETUEEN 8§ AND 13 KM (CONSIBERED TROPOSPHERIC)
ARD BETVEEN 13 AND 18 Kn (CONSIDERED STRATOSPHERIC). SINCE NO TEMPERATURE DATA
WAS AVAILABLE, TEWPERATURE PROFILES UERE TAKEM AS US STANDARD ATHOSPHERE
VALUES. VALUES OF TENPERATURE AND GRADIENT OF -4.3 DEG/KN IN THE TROPOSPHERE
ARD 0 DEG/KN IN THE STRATOSPHERE LED TO CRITICAL SHEARS FOR TURBULENCE OF 22

MN/8/KN AND 43 W/8/KN RESPECTIVELY.
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TNE PROCESSING T0 CONVERT CORONAN DATA TO EAST AND NORTN VELOCITY COMPONENTS AT

“20 NETER VERTICAL 'SPACING WAS DEEN DESCRIBED IN REF 2. TENPERATURE PROFILES

UERE AVAILABLE SO0 LOCAL VALUES OF CRITICAL SHEAR COULD BE CONPUTED AND THE
LOCAL SNEAR RELATES TO THIS VALUE RATNER TO A STANDARD VALUE. IT SHOULD BE
NOTED TMAT THE LOCAL TEWNPERATURE PROFILE SHOVED A DOUDLE WAXINUN AND A RANGE OF
CRITICAL SHEARS DETUEEN 33 AND 33 N/5/KN, STRADDLING THE STANDARD ATNOSPHERE

VALUE OF 43 W/S/KN.

THUS LOCAL VELOCITY COMPONENTS AND LOCAL CRITICAL SHEAR YALUES WERE AVAILADLE

FOR DOTH SETS OF DATA FOR FURTHER PROCESSING.

ABOUT 10000 POINTS UERE AVAILABLE FROM 75 SMOKE TRAILS AVAILABLE AT
STRATOSPHERIC ALTITUDES, THE CORONAM PROFILES CONTAINED ABOUT 1000 POINTS ANONG

THE 5 LEGS UNICH WERE CONSIDERED AS SEPARATE “TRAILS’.




DATA PROCESSING

THE RELEVANT UAR.ABLE FOR TURBULENCE 18 THE RATIO OF THE LOCAL VERTICAL SHEAR
OF THE HORIZONTAL VELOCITY TO THE LOCAL CRITICAL SHEAR.

CRITICAL SHEAR 1S DEFINED (REF 1) IN RECIPROCAL SECONDS AS

CRIT SHEAR = 2, s GRAV/TENP = [DTDZ - DIDZ ADlAB]
IT 18 CONVENIENT TO EXPRESS THIS 1IN URITS OF MET/SEC/KM = 10Q0% THE ABOVE
VALUE. CRITICAL SHEARS RANGE FROM 20 M/S/KM IN THE TROPOSPHERE TO S50 M/S/KM IN

THE STRATOSPHERE, DEPENDING ON LOCAL TEMPERATURE GRADIENT.

Slﬂg{_ THE PRIMARY DATA 1S EXPRESSED AS VELOCITY, AND SHEAR 15 THE RIFFERENCE
BETUEEN VELOCITY VALUES, AN INPORTANT PROBLEM IS TO RELATE TO THE INHERENT
NOISE CONTENT RELATIVE T0 SIGNAL. THE AVERAGE RMS DIFFERENCE BETWEEN ADJACENT
PDINTS SEPARATED DY 20-23 METERS WAS ABOUT 0.6 N/S. SPATIAL FREQUENCY ANALYSIS
BY FOURIER TRANSFORM SWOUED A VELOCITY RNS AMPLITUDE OF 3 N/S AT THE NYQUIST
FREQUENCY (CORRESPONDING TO A SPATIAL UAVELENGTH OF 40-30 METERS). A LARGE
FRACTION OF THIS ANPLITUDE IS THEREFORE A RANDOW VELOCITY ERROR UHICH IS
PRESERT AT ALL SPATIAL FREQUENCIES. REDUCTION OF THIS NOISE CONTENT CAN DE

ATTENRPTED BY ONE OF THREE FILTERS

1. ASSBUNE THAT THE AVERAGE ENERGY CONTENT AT WEAR-NYQUIST FREQUENCIES IS WHITE
NOISE. REMOVE TMIS ESTINATED NOISE ENERGY FROM ALL FREQUENCIES. BACK TRAMSFORN
TO OPYAIN A FILTERED VELOCITY PROFILE.

2. ESTABLISH THE POUER DEPENDENCE OF AMPLITUDE VS SPATIAL FREQUENCY FROM
LOVER-FREQUENCY ANPLITUBES, AN RESTRICT WISH FREQUENCY ANPLITUDES NOT TO
EXCEED THE POUER LAU. RETRANSFORN TO A FILTERED VELOCITY PROFILE.

3. APPLY A SHROOTHING FUNCTION TO TME ORIGINAL VELGCITY PROFILE TO REDUCE TME
HIOH-FREQUENCY CONTENRT, DIRECTLY PROVIDING A FILTERED VELOCITY PROFILE.
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ALL  THREE FILYeRS REDUCE THE VELOCITY DIFFERENCES BETUEEN ADJACENT POINTE, AND
HAVE A SNALLER EFFECT ON DIFFERENCES DETUEEN POINTS UITH WIGMER SEPARATIONS.
HOUEVER, ALL REDUCE THE NONINAL RESOLUTION OF 20-25 NETERS TO A POORER
RESOLUTION. THE RMS DIFFERENCE DETUEEN ORIGINAL AND FILTERED PROFILES USING ANY
OF THE THREE FILTERS UAS ONLY ABOUT 0.2 N/S ALTHOUGM EACH REDUCED THE NIGM
FREQUENCY ANPLITUBE VALUES TEN-FOLD FROM 3 M/S 10 0.3 W/§,

A 3J-POINT RUNNING AVERAGE UAS SELECTED AS THE SINPLEST FILTER BECAUSE IT MAKES
NG ASSUNPTION OF THE VALIDITY OF THE POWER-LAW DEPENDENCE OR THE WUMITE-NQISE
NATURE OF THE VELOCITY ERRORS. AS UILL BE SEEN BELOU FROM GRAPHS OF AMPLITUBE
VS FREQUENCY, NEITHER ASSUMPTION 1S VALID FOR A SINGLE TRAIL, ALTHOUGH BOTH MAY

BE VALID TO THE AMPLITUDES AVERAGED OVER A NUMBER OF PROFILES.

BEFORE THIS FILTER UAS APPLIED, A STATISTICAL TEST UAS USED TO REJECT GROSS
OUTLIER POINTS FROM CONSIDERATION. THE 350 PERCENTILE RMS DIFFERENCE BETWEEN
ADJACENT POINTS UAS ABOUT 0.6 M/S AND THE 93 PERCENTILE WUAS ABOUT 1.0 M/S. ANY
POINTS WHICH SHOWED DIFFERENCES GREATER THAN 2 N/S FROM THEIR ADJACENT

NEIGHBORS WERE TREATED AS GROSS ERRORS, AND IGNORED. TUO TYPES OF OUTLIERS VERE

FaunDd-
1. H/S= 1.0 1.1 1.3 4.2 6.3 8.5..,.. UHERE A “STEP- 1S PRESENT
2. W/S= 1.0 1.1 6.2 1.3 1.1... UHERE A SINGLE QUTLIER 1S PRESENT.

NEITHER TYPE OF OUTLIER 1S5 CONSIDERED POSSIBLE OVER A 20 METER SPACING AND SO
BOTH TYPES WERE PRE-EDITED OUT OF THE DATA. OUTLIERS OCCURED VERY INFREQUENTLY,
ABOUT 80 PCT OF THE SMOKE TRAILS SHOUED NONE, AND ONLY 3 TRAILS SHOMED MORE
THAN 3 OUTLIERS 1IN 200 POINT SAMPLES. THESE TRAILS VERE REJECTED. IN THE
CORONAN PROFILES, A TOTAL OF 20 OUTLIERS WERE FOUNB IN 1000 TOTAL POINTS AND
WERE EDITED OUT. FOLLOUING THIS PRE-EDITING, THE RUNNING AVERAGE WAS USED TO
PRODUCE EACH FILTERED PROFILE.

FIGURE_1 SHOWS A GINGLE CORONAN VELOCITY COMPONENT PROFILE BEFORE AND AFTER
FILTERING. IT ALSO SHOUS TNE BALLOON VELOCITY PROFILE DERIVED FRON THE RADAR
TRACK. TNE SINILARITY DETVEEN THE PROFILES I8 STRIKING. N WISH-FREQUENCY
CONTERT 18 PRESENT IN THE BALLOON PROFILE, BUT 18 ADDED DY THE CORONAN DATA AND

IS THEN PARTIALY RENOVED BY THE FILTER.

PERLE N oy o
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FIGURE 2 SHOUS THE DIFFERENCE BETUEEN RAU AND FILTERED VELOCITIES FOR A SINGLE

COMPONENT AND THE ABJACENT-POINT TOTAL SHEARS FOR RAU AND FILTERED PROFILES.

FIGURE 3 SHOUS FOURIER ANPLITUDES DEFORE AND AFTER FILTERING FOR (1) A SIMGLE
VELOCITY CONPONENT AND (2) FOR AVERAGE AMPLITUBES FOR ALL 10 COROMAM COMPONENTS

{3 LEGS X 2 DIRECTIONS)

TABLE 1 AND FISURE 4 PRESENTS THE PROBABILITY OF EXCEEDING A GIVEN SHEAR VS
SHEAR AT 20-25 METER SPACING., THE TUO DATA SETS ARE THE STRATOSPHERIC PORTION

OF THE SHOKE TRAILS AND THE S CORONAM LESS.

TADLE 2 AND FIGURE 5 SIMILARLY PRESENTS PROBABILITY OF EXCEEDING A GIVEM RATIO

OF SHEAR/CRITICAL SHEAR VS THIS RATIO.

FIGURE & PRESENTS PROBABILITY QF EXCEEDING GIVEN FRACTION OF CRITICAL SHEAR.
THIS UAS GEMERATED FOLLOVING THE PROCEDURE DESCRIBED 1IN REFERENCE t. THE
PROBABILITY OF EXCEEDING THE CRITICAL SHEAR UAS FOUND FOR LAYER THICKNESSES
RANGING FROA iHE CLOSEST SPACING (20-25 METERS) TO INCREASED ALTITUDE
DIFFERENCES UP TO 400 METER LAYER THICKNESS., AS SHOUN IN FIGURE 6,
PROBABILITIES OF EXCEEDING CRITICAL SHEAR AT LAYER THICKNESS OF 100 METERS
RANGE FROM ABOUT 10 PCT 1IN UNFILTERED CORONAM TRAILS TO ABOUT 2 PERCENT IN

FILTERED SMOKE PROFILES.

"FIGURE 7 WAS ALSQ PREPARED FOLLOWING THE PROCEDURE OF REFERENCE ). THE INVEGRAL
OF PROB(L) s L s L IS A DIFFUSION PARANETER UITH DINENSION M2, THIS PARANETER,
WHEN DIVIDED DY THE ESTINATED LIFETVINE OF A TURBULENT EDDY, (1000-3000 SECONDS)
WAS SHOUN IN REF 1 TO DE A NEASURE OF THE EFFECTIVE DIFFUSION COEFFICIENT IN
THE STRATOSPHERE. FIBURE 7 PRESENTS A PLOT OF THE CONTRIBUTION TO THE PARAMETER
FRON ALL LAYER THICKNESS UP TO THICKNESS L VS LAYER THICKNESS L. AS CAN BE
SEEN, THE CONTRIDUTION OF TNIN LAYERS 1§ TRIVIAL, AND THE MAJOR CONTRIBUTION I8
ONLY FROM LAYER THICKNESSES ABOVE 100 WETERS. TNE FINAL PARANETER VALUES AT 400

METER SPACING ARE UITHIN A FACTOR OF 3 FOR ALL 4 DATA BETS.




DISCUSS10N OF RESULTS

THE DIFFERENCES DETUEEN SMOKE AND CORONAN PRODABILITIES ARE SUBSTANTIAL, BUT
NOT NECESSARILY STATISTICALLY SIBNIFICANTY.

TO TEST SIGNIFICANCE, THE PROBABILITIES UERE SEPARATELY COMPUTED FOR EACM OF
THE SMOKE PROFILES, UHICH PERMITTED A CALCULATION OF THE STANDARD DEVIATION

ANONG THE 73 PROFILES FOR EACH PROBABILITY ESTINATE.

TABLE 3 PRESENTS THE RESULT OF THIS CALCULATION. COLUMN 1 SHOUS LAYER THICKNESS
AND COLUMN 2 THE AVERAGE NUNBER OF POINTS PER TRAIL. THE FOLLOOUWING COLUNN
PAIRS SHOWU THE AVERAGE PROBABILITY (AMONB 73 TRAILS) OF EXCEEDING A GIVEN RATIO
of SHEAR/CRIT  SHEAR AND THE STANDARD DEVIATION OF THIS AVERAGE. FOR
EXANPLE ,CONSIDER THE VALUES FOR EXCEEDING A CRITICAL SHEAR OF 1. THE 23 METER

_LAYER THICKNESS HAS AN AVERAGE OF 3.99 PCT AND A STDV OF 3.36 PCT. THE 250

- = ————

METER LAYER THICKNESS MHAS AN AVERAGE 0.35 PCT UITH A STDV OF 1,12 PCT. THE
DISTRIBUTION IS GEMERALLY POISSON (AVG=STDV) FOR PROBABILITIES BELOW 10 PCT,
AND STANDARD DEVIATIONS ARE SEVERAL TINES LARGBER THAN AVG FOR PROBABILIVIES

BELOV 3 PCT.

THE STANDARD DEVIATION IS A MEASURE OF DAY-TO-DAY VARIABILITY. IT SUGGESTS THAT
THE CORONAM SHEARS, ALTHOUGH HIGHER THAN THE AVERAGE SMOKE PROFILES, ARE UITHIN

THE EXPECTED VARIABILITY OF STRATOSPHERIC TURBULENCE.

THIS VARIABILITY SERIOUSLY AFFECTS THE ESTIMATED DIFFUSION PARAMETER. THIS
PARANETER IS DOMINATED BY LAYER THICKNESSES ABOVE 100 METERS, WHICH HAVE LOW
PROPADILITIES, BUT IF THE VARIABILITY IS AS HIGH AS SHOUN, INCREASED

PROBABILITIES OF THICK LAYERS UILL NOT DE INFREQUENT.

A TEST UAS MADE OF THE SENSITIVITY OF DIFFUSION PARANETER , BY TAKING THE 0.8
AND 1.2 CRITICAL-RATIO PRODABILITY VALUES INSTEAD OF THE 1.0 RATIO VALUES. THE
DIFFUSION PARARETER INCREASED AND DECREASED BY FACTOR OF J BY THIS 20 PCT SMIFT
IN DEFINITION OF CRITICALITY, WNICH Ul(i CERTAINLY OCCUR BITH THE DAY-TO-DAY
VARIADILITY FOUND.




CONCLUSIONS

1. THE CONTRIBUTION TO THE DIFFUSION COEFFICIENT FROM LAYERS OF LESS THAN 100
METERS TMICKNESS IS NEGLIGIBLE. EFFORTS TO INCREASE RESOLUTION TO OBTAIN

“BETTER” ESTINATES OF BIFFUSIVITY ARE THEREFORE NOT WORTHUHILE.

2, NOISE REDUCTION BY FILTERING WITH A RUNNING AVERAGE REDUCES HIGH FREGUENCY
ANPLITUDES BY A FACTOR OF 10, FRON ABOUT 3.0 M/S TO 0.3 M/S (PER UNIT
FREQUENCY)., THIS FILTER MAS ONLY A SMALL EFFECT ON ACTUAL VELOCITIES, RESULTING
IN AN RNS CHANGE OF ONLY 0.2 W/S. THE FILTER REDUCES THE CONPUTED DIFFUSIOM

INTEGRAL BY ABOUT 30 PCT,

3. THE DAY-TO-DAY VARIABILITY OF THE PROBABILITY OF EXCEED1  “RIVICAL SHEAR 1§
HIGH RELAVIVE TO THE LOW-PROBABILITY LARGE THICKNESSES ICH CONTROL THME
DIFFUSION PARAMETER. [IN FACT, THE ENTIRE FILTERING PROCES. - .UCH SMALLER IN
118 EFFECT  THAN THE DAY-TO-DAY VARIABILITY EFFECT. CONBINED UITH THE
UNCERTAIMTY OF TURBULENCE LIFETIME, IT UOULD APPEAR THAT ANY DIFFUSION CONSTANT

ESTINATE UILL HAVE AN UNCERTAINTY OF AN ORDER OF MAGNITUDE.

4. THE CORONAM MEASUREMENTS OF SHEAR PROBABILITY ARE HIGH WITH RESPECT TO THE
AVERAGE OF THE SMOKE TRAIL VALUES, BUT ARE VWITHIN THE 935 PCT CONFIDENCE LINMITS.

IN DTHER MORDS, THE CORONAM RESULTS MIGHT BE EXPECTED IN 1 DAY EVERY 20.
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If 1. PROBADILITY OF EXCEEDING GIV  SHEAR VS LAYER THICKMESS
¢ PROBABILITY PER 10000 POINTY ) :

SHEAR M/S/KM= 10 20 30 40 S0 60 70 B0 90 100 110

LAYER nzrj PTS[PROB
~ RAY SMOKE TRAILS

25 1147207421 3591 1409 /98 537 343 248 141 59 0 0

50 11399]7584 3230 1254 641 321 185 115 &1 24 0 0

’5 11328 f7261 2948 1048 484 227 113 S0 7 0 0

100 112537130 2745 947 378 193 42 2 8 3 0 0

125 1118045884 2472 804 28’ 93 32 13 4 0 0 )

2% 10815]s918 1509 362 40 10 0 0 0 0 0 0

379 10450 JaBe 931 131 14 0 0 0 0 0 0 0

FILTERED SMOKE TRAILS

s 1147202254 2947 ‘.57 483 227 11y S0 21 ; 0 0

<0 112199],/188 2832 1500 428 198 91 14 10 3 0 8

75 1112507058 2637 891 371 165 57 22 7 0 0 ) 1
100 1125304901 24490 919 113 103 39 12 5 0 0 0

129 111306733 2257 220 239 74 21 8 2 0 0 0

259 1081509810 1405 247 5% 5 0 0 9 0 0 0 ]
3y 1045004833 921 122 N 0 ) 0 0 0 0 0 ’

FILIERED CORONAM TRATLS

20 5a5hS8te £497 3978 2052 1026 444 176 21 0 0 0

3 95008768 £229 3835 1250 250 271 73 0 B 0 0

60 9s5s 807 w042 3177 1330 545 157 B 0 0 0 0

9 cclsays ve7a 2842 943 158 84 M 0 0 n 0 !
100 9a5] 54271 5123 2138 741 190 93 0 0 0 0 0 :
200 sool 7902 1000 809y 0 0 0 0 0 0 0 i
300 g 057 242y 123 ¢ 0 0 0 0 0 9 0 i

LAELE . FROPABILITY CF txCEEDING GUVEN RATIO OF THEAR/CRITICAL SHIAR
VS LATER THICHNLS

SHX/CRIT Shos A T T T D S T I O O - T I e I
LAYER ni!FJ erolenoy
Lad SmOvT O TRAILS

25 1142208335 5495 17289 1143 29 520 Irs 283 125 98 44

5 1109983578 235 1941 303 S50 309 128 82 3y 29

5 PII26) 918 407t 1437 syl Aty 216 124 &4 3% 02 2

100 102582903 2959 14 sS85 316 149 Z29 14 5 3 ,
109 111307635 3543 1298 <32 238 8% S8 13 6 2 0

oy 108 g saht 2452 892 200 44 ) 0 0 0 0 0




A 10815f=3%1 2452 49 & ¢ - :
59 1045015928 1590 821 60 s O 0 0O o 0
|
Elallngl TaSHE TRAILS f
23 vra2ofoery go0y tsl9 v3Y 411 Uis 124 83 32 12 7 ‘
50 11499Rrety 3922 15t P38 385 195 1v0 48 22 7 3 f
bt 11328)7099 3753 1428 853 320 195 3 S0 12 4 2
120 1I293)78N2 8Y9 19T 542 tag 0 %6 42 1S 7 1 0
129 1rgofrast S36s 82 4t vy o2 23 0 3 9 0
290 12219f6r7e 2182 68 18 40 4 0 0 0 0 0
303 1042005895 t544 3¢5 S 5 0 0 0 0 0 9
FILTERED SOKCNAN TRAILS
20 985 9119 2131 5098 3109 1927 1067 560 259 93 41 0
30 95018790 5396 4823 2927 1856 250 354 127 83 10 0
60 9558942 512 4576 2440 1267 543 241 105} 0 9
80 9503747 8526 4137 2000 832 337 189 S3 11 0 0
100 9453791 £320 4577 1714 514 296 138 11 0 0 0
200 9700g19¢ S130 2098 533 168 2 9 0 4 0 @
320 dys{7754 3855 1050 156 2 0 0 0 0O o 0
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| FIGURE 3 CORCNAM ANPLITUDE VS SPATIAL FREQUENCY

— (LOG SCALES)
~—— CURVE ' 1-TRAIL ArP RAU AND FILTERED 5Y 3-PT Riady
° 2 ALL-TRAIL AVG AMF RAW AND FILTERED 8Y 1-PT RUNAY
3 1-TRAIL ane RAW AND FILTERED BY LIRITING 10 Plars LAY
< 4 PLL-TRAIL AVG ANP RAW AND SILTERED By CIMITING YU PCRIR LAY
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